Pseudorabies (PR) (Aujesky's disease) has been seen in several domestic species, such as pigs, ruminants, dogs, and horses. [3] [4] [5] The laboratory diagnosis of PR has been investigated using various approaches. The most frequent have been immunofluorescence 12 (IF) and immunoperoxidase 6, 8, 9, [13] [14] [15] methods, histopathologic investigation, 1,3,7 tissue culture inoculation, and in situ hybridization. 11 Immunoperoxidase staining can also be used to diagnose virus-induced nonsuppurative encephalitis, which is hard to differentiate histopathologically. 6 Eighty monoclonal antibodies (MAbs) against PR virus (PRV) were produced at the Istituto Zooprofilattico to develop a competitive enzyme-linked immunosorbent assay to differentiate antibodies elicited by glycoprotein (G)F-negative strain vaccines from antibodies resulting from infection with wild type viruses and to develop a suitable diagnostic tool for the identification of PRV either directly from infected tissues or from inoculated cell cultures. 2 Eight of the 80 MAbs reacted strongly in the IF test performed on frozen tissue sections (E. Brocchi, personal communication) . The reactivity of these MAbs with paraffin-embedded sections was examined to evaluate immunoperoxidase staining for PRV diagnosis in routinely samples. Moreover, a retrospective study was conducted on animals submitted for necropsy because of clinical neurologic signs.
The 8 MAbs specific for PRV (Table 1) were tested immunohistochemically with formalin-fixed, paraffin-embedded pig tonsils (for which PRV had been previously detected by IF on cryostatic sections). The following procedures were used for immunohistochemical staining. Five-micrometerthick paraffin-embedded sections were dewaxed in 2 changes of xilene for 15 minute each and hydrated through graded alcohols. All sections were treated with 3% hydrogen peroxide in methanol for 30-minutes at room temperature followed by several washes in Tris-buffered saline (TBS). Nonspecific antibody binding was blocked by 30 minutes of incubation with normal horse serum 1:75 diluted in TBS. As primary antibodies, ascitic fluid TBS dilutions (1:200, 1:400, 1:800, 1:1,000) of each MAb were incubated in 2 different ways, overnight at 4 C and 1 hour at 37 C. After MAb incubation, the sections were washed with TBS and sequentially incubated with biotinylated horse anti-mouse IgG a 1: 200 diluted and streptoavidin peroxidase a 1500 diluted for 30 minutes each, with rinses in TBS between the incubations. Diaminobenzidine b was used as substrate of the peroxidase From Istituto di Anatomia Patologica Veterinaria e Patologia Aviare, Facoltà di Veterinaria, Università degli Studi di Milano, Millano 10-20133, Italy (Grieco, G. Finazzi, M. Finazzi), and Istituto Zooprofilattico Sperimentale della Lombardia e dell' Emilia, Italy (Gelmetti, Brocchi) .
Received for publication May 24, 1996. reaction. The slides were counterstained with Mayer's hematoxylin.
Negative controls consisted of a nonimmune primary antibody (normal mouse serum diluted 1:20) applied to PRVinfected pig nerve tissue and primary anti-PRV antibody applied to PRV-negative pig brain tissue. The MAbs 1F2, 2E12, and 3D5 (Table 1) , which showed an intensive immunohistochemical signal and light background, were mixed in a pool diluted at 1:1,000 and used in the immunochemical procedure. The brains of 41 animals (31 dogs, 6 cats, 4 cattle) with excitative neurologic signs were fixed for 15-30 days in 10% buffered formalin. Coronal sections of the brain through the basal ganglia, thalamus, Ammon's horn, midbrain, cerebellum-pons, and medulla oblongata were taken, dehydrated in alcohol, and embedded in paraffin. The blocks of the retrospective study were stored for up to 12 years. They were then cut and used for histopathologic and immunohistochemical investigations.
The results from the hematoxylin and eosin (HE)-stained sections and the immunoperoxidase-treated sections are shown in Table 2 . HE examination of 41 brains of different species showed nonsuppurative encephalitis of different degrees in 39 of them. The main brain structures involved were the brain stem, thalamus, cerebellum, and medulla oblongata. Affected areas were characterized by predominantly mononuclear perivascular cuffing, glial nodules, and disseminated necrotic foci. A few granulocytes were sometimes mixed with mononuclear cells. Diffuse and focal microglial infiltra- tion of varying severity was present in both the gray matter and white matter of all the samples examined. Neurons were sometimes acidophilic, shrunken, and karyorrhectic and occasionally undergoing neuronophagia. Chromatolysis was evident in many neurons. Microglia were diffusely distributed or found in small groups around the necrotic neurons. In 19 brains, intranuclear amphophilic inclusion antibodies were present both in some of the less severly damaged neurons and in glial cells. HE-stained brain sections of 2 young cattle did not show any typical PR encephalitis. Gliosis, edema, slight hemorrhages, and occasional slight perivascular cuffing around the cortical vessels were observed.
Identical results were obtained using the 2 different MAb incubation procedures, overnight at 4 C and 1 hour at 37 C. The positive control, PRV-positive pig tonsils, reacted intensively with 1F2, 2E12, and 3D5 MAbs. A fine granular brownish material was observed in the cytoplasm of epithelial cells at the bottom of necrotic criptae (Fig. 1) . MAbs 2C7, 8A4, 7H3, and 1A9 were unreactive (Table 1) . Nonspecific background staining and endogenous peroxidase did not interfere with the interpretation of specific staining. The negative control samples never contained any specific staining.
Immunoperoxidase reactivity occurred in 39 specimens and was localized, to a large extent, in the cerebral areas of encephalitis observed in the HE-stained sections ( Table 2) . The cytoplasm of both neurons and glial cells showed strong positivity. However, quite often not all the cells of the affected area were positive. In the necrotic area, a granular intense positivity was always observed. Necrotic foci were rare in the Ammon's horn; nevertheless scattered immunoperoxidase-positive staining was seen in the cytoplasm of neurons in the gyrus dentatus. No positive staining was observed in perivascular cuffs or inclusion bodies. Neurons had strong cytoplasmatic positivity often in the axonal and dentritic processes (Fig. 2) . In the cerebellum, the positivity was usually located in the Purkinje layer, and the cytoplasm of these cells was strongly colored (Fig. 3) . Scattered positivity throughout the sections including the cerebral cortex, brain stem, and cerebellum, was observed in the 2 bovine samples that did not show typical HE-stained PR lesions.
Nonsuppurative encephalitis (gliosis, perivascular cuffing, necrosis, etc) observed in HE-stained brain samples could be related to Aujeszky's disease encephalitis described in previous studies of pigs, dogs, cats, and ruminants. 3-6 Specific PRV MAbs tested with routine samples have given satisfactory results. The pool of MAbs used for the immunohistochemical assay were reliable and strongly reactive. Formalin fixing and paraffin embedment had no influence on MAb reactivity, and the viral epitopes studied were not destroyed. The MAbs used were directed against 3 different viral envelope epitopes (one on GC and 2 on GE), increasing the capacity to detect different antigenic viral strains. 2 Positivity was observed in the cytoplasm of neurons and glial cells and in the necrotic areas. No nuclear positivity was seen using these MAbs, according to the cytoplasmic localization of GC and GE. 6, 13 The 39 samples positive with immunoperoxidase included 2 bovine specimens without HE-stained lesions. In these cases, the viral replication, which was probably at its beginning, did not show the typical PR histologic lesions. In addition, the neurons did not show any pathologic changes, and only slight inflammatory lesions were found. Nevertheless, positive immunoperoxidase was seen in the cytoplasm of scattered neurons and glial cells. These results suggest that apparently histologically noninfected neurons can express viral antigens. 10 It was difficult to achieve a conclusive diagnosis for 2 immunoperoxidase-negative canine samples. These samples were part of the restrospective study, and the diagnosis of infectious disease depended only on the HE examination. In addition, few tissue samples were available, so no further investigations were possible.
PR is a fatal, widespread disease, but histologic diagnosis is still quite difficult when typical intranuclear inclusion bodies are not noted in the brain sections. In this investigation, only 19 specimens showed intranuclear inclusion bodies (Table 2) refered to PR. The selected anti-PRV MAbs tested on paraffin-embedded sections were particularly useful for diagnosis when no corroborating evidence, such as viral isolation, is available.
